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Puget Sound Overview

e Diverse air shed

o Particulate is the primary driver of AQI




Our role in AQI & PM 2> programs

Operate 11 air monitoring sites that provide year round
real-time data. (Pm,,, pm,c, Nephs)

Provide AQI reporting/forecasting services for Seattle
and Tacoma MSA’s

Provide ~ 50 % of all Washington State Fine Particulate

s _ -_—

Clean Air Agency
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Equipment

R&P TEOM's

e a/b versions
e Both types of heads in use.
» Seasonal Temperature Adjustments made April and October.

e Flow 16.7 Ipm

Clean Air Agency




Staff Resources

« 3FTE’s to Operation and Maintenance
e 2 FTE’s to Data and QA




Question ?

With respect to real-time characterizations and
predictions of PM 25 |evels...

e Can continuous monitors be effectively used in the AQI

Clean Air Agency



Marysville
Partisol vs Neph & Teom
Wintertime 2000-01
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rable 2-2.Sample size requirements for model development by " , $, and ) under a null hypothesis of Hy: R?

#0.6
Size of False Acceptance False Rejection Decision Error (")

Gray Region () Decision Error ($) 0.20 0.10 0.05 0.01
0.40 18 37 119
0.30 0.30 31 61 176
0.20 24 57 103 266
0.40 18 56 126 422
0.25 0.30 36 104 213 628

0.20 79 196 365

C Ia n Air h.g:-:nl}:




Table 2-3Lower bound on observed model R* value necessary for concluding model adequacy by ", $,and )
under a null hypothesis of H;: R #0.6

Size of False Acceptance False Rejection Decision Error (*)
Gray Region () Decision Error ($ 0.20 0.10 0,05 001
040 0.87 0.88 0.88
0.30 0.30 0.85 0.86 0.87
0.20 0.79 0.82 084 0.85
040 0.81 0.82 0.83 0.83

C | n Air hgl:n}:




X y
Neph vs Partisol2.5
y=mx-+b
Predicted
Correlation Goodness Partisol
Slope Intercept Coefficient  of Fit Pm25 @

Site Year # pairs m b r r2 Neph=1.0x10-4 Dataset Date Range
Seattle, Duwamish 1999 337 27.474  2.251 0.96 0.92 29.7 Jan - Dec 1999

2000 354 31.158  0.992 0.97 0.94 32.2 Jan - Dec 2000

All 796 29.611  1.689 0.96 0.93 31.3 Oct 1998 - Feb 2001
Kent 1999 108 23.022  1.369 0.96 0.92 24.4 Jan - Dec 1999

2000 116 27.726  1.129 0.96 0.92 28.9 Jan - Dec 2000

All 251 25.323  1.354 0.95 0.90 26.7 Nov 1998 - Feb 2001
Lk Forest Park 1999 67 24279  0.428 0.97 0.94 24.7 Jun - Dec 1999 Nephelometer

2000 114 26.634  0.715 0.99 0.98 27.3 Jan - Jul 2000 VS.

All 212 25.565  0.641 0.97 0.95 26.2 Jun 1999 - Mar 2001 FRM
Lynnwood 2000 119 27.356  0.319 0.98 0.96 27.7 Jan - Dec 2000 Comparison

All 154 26.448  0.621 0.98 0.96 27.1 Oct 1999 - Feb 2001 1999-2000
Marysville 2000 100 24592  1.418 0.99 0.98 26.0 Jan - Dec 2000

All 163 24.252  1.286 0.99 0.97 25.5 Sep 1999 - Mar 2001
Puyallup All 51 26.699  0.070 0.98 0.97 26.8 Aug 2000 - Feb 2001

Tacoma, Alexander

Tacoma, South L
Seattle, Queen Anne

Seattle, Beacon Hill

25.228
28.150
27.119

27.0

25.0

22.682

26.342
25.074

1.738

1.317

1.423
0.0

0.0

0.95
0.96
0.96

0.91
0.93
0.93

27.0
29.5
28.5

Jan - Dec 1999
Jan - Dec 2000
Dec 1998 - Feb 2001

Jan - Dec 1999
Jan - Dec 2000
Jan 1999 - Feb 2001

Clean Air Agenc;..r



X y
Continuous2.5 vs Partisol2.5
y=mx+b
Correlation Goodness
Slope Intercept Coefficient of Fit
Site Year # pairs m b r r? Dataset Date Range
Seattle, Duwamish 1999 342 1.15 -2.0 0.96 0.91 Jan - Dec 1999
2000 341 1.10 -2.0 0.97 0.95 Jan - Dec 2000
All 822 1.12 -1.9 0.96 0.93 Nov 1998 - Mar 2001
Kent 1999 115 1.16 -1.8 0.96 0.92 Jan - Dec 1999
2000 117 1.09 -0.8 0.91 0.83 Jan - Dec 2000
All 272 1.16 -1.6 0.94 0.88 Nov 1998 - Mar 2001
Lk Forest Park 2000 111 1.23 -1.6 0.97 0.95 Jan - Dec 2000
All 172 1.22 -1.5 0.97 0.94 Sep 1999 - Mar 2001 TEOM & BAM
Lynnwood 2000 115 1.19 -2.4 0.97 0.94 Jan - Dec 2000 PM 2.5 Comparison
All 168 1.17 -2.1 0.97 0.94 Oct 1999 - Mar 2001
Marysville 1999 114 1.22 -3.6 0.92 0.85 Jan - Dec 1999
2000 100 1.25 -1.5 0.96 0.92 Jan - Dec 2000
All 262 1.29 -2.9 0.95 0.90 Nov 1998 - Mar 2001
Puyallup 2000 109 1.23 -3.7 0.97 0.94 Jan - Dec 2000
All 196 1.29 -3.7 0.96 0.93 Nov 1999 - Mar 2001
Tacoma, Alexander 1999 349 1.16 -2.9 0.97 0.94 Jan - Dec 1999
2000 353 1.25 -3.7 0.96 0.93 Jan - Dec 2000
All 822 1.22 -3.4 0.97 0.94 Nov 1998 - Mar 2001
Tacoma, South L All 126 1.30 -1.3 0.98 0.97 Nov 2000 - Mar 2001

Clean Air Agenc;..r




Puget Sound PM, s Network
Correlations (FRM vs Continuous Monitiors*)

0
1998-2001
i 0.968
1 FRM Equivalent R? . .
0941 0942 0935 With Fireworks
0
0.896
0.881
0 o D e D e = N e T s e e D e L
R< for| Data |Acceptahility
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Puget Sound PM, s Network
Correlations (FRM vs Continuous Monitors*)

1998-2001

0.968

1 FRM Equivalent R?

0.941 0.942 — o 0.935 ooa1 Without Fireworks

0.896
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Puget Sound PM, s Network
Correlations (FRM vs Nephelometer)

1999 - 2000

1.00

- 0.974

0.957 0.962 FRM Equivalent R? 0.967

2.94

i 0.928 0.926
.90 0.910 0.904
2.80 - - - - -— - - - — - - = - - - -

R for Data Alcceptabiljty
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Kent, Washington

*Mix use site. Residential and Commercial.

Clean Air Agency




Kent
Nov 1998 - Mar 2001
Teom Pm2.5 vs Partisol Pm2.5

60
y = 1.1565x - 1.567
R? = 0.8808
50 ~
L 2
40 S
10 July 5, 1999
N
= )
o 30 & Teom2.5vs Partisol2.5
ED) o . —Linear (Teom2.5 vs Partisol2.5 )

July 5, 2000

272 pairs
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Partisol PM2.5

50

35

30

25

Kent
Teom PM2.5 vs Partisol PM2.5
Nov 1998 - Mar 2001

y = 1.2949x - 3.0235
R? =0.9297

L

270 pairs

¢ Seriesl
—Linear (Seriesl)




Partisol Pm2.5
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Kent
Neph vs Partisol
Nov 1998 - Feb 2001

y = 25.323x + 1.3537
R? = 0.9041

. I Neph vs Partisol
‘// Y ——Linear (Neph vs Partisol )
‘o

251 pairs

CI n Air Agl:n}:
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Kent
Neph vs Partisol
Nov 1998 - Feb 2001

y =x - 0.0003
R? =0.9041

* Neph vs Partisol

—Linear (Neph vs Partisol)

251 pairs
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Kent
Teom PM2.5 vs Partisol PM2.5
Wintertime Oct 1999 - Mar 2000

45
y = 1.2548x - 2.1992

R? =0.9432

40

) / V
30
[ 2
LQ *
N
s 25 .
o . ¢ Seriesl
_g . * —Linear (Series1)

55 pairs
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Kent
Teom PM2.5 vs Partisol PM2.5
Wintertime Oct 2000 - Mar 2001

y = 1.3045x - 2.1755
R? = 0.9222

¢ Seriesl

——Linear (Seriesl)

54 pairs

CI n Air Agcn}:




Lake Forest Park, Washington

e North Seattle Area

Clean Air Agency




Lake Forest Park
Partisol vs Neph & Teom
Wintertime 2000-01
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50




Lake Forest Park
Neph vs Partisol
45 Jun 1999 - Mar 2001

y = 25.565x + 0.6409
R2 = 0.945
35 -
- /
30 ®
25 P
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|
* I |/ I ¢ Neph vs Partisol
20 ' A

n T ——Linear (Neph vs Partisol )

Partisol Pm2.5

212 pairs
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Lake Forest Park
Neph vs Partisol
Jun 1999 - Mar 2001

y =x-0.0001
R?=0.945
X 3

212 pairs

* Neph vs Partisol
—Linear (Neph vs Partisol)
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Lake Forest Park
2000
Teom Pm2.5 vs Partisol Pm2.5

45
y = 1.2345x - 1.5883
R? =0.9485 !

¢ Teom2.5 vs Partisol2.5

——Linear (Teom2.5 vs Partisol2.5 )

111 pairs
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Lake Forest Park
Teom Pm2.5 vs Partisol Pm2.5
Sep 1999 - Mar 2001

y = 1.2232x - 1.5455
R? = 0.9424 **

\

¢ Teom2.5vs Partisol2.5

——Linear (Teom2.5 vs Partisol2.5 )

172 pairs
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Lake Forest Park Oct 2000 - Mar 2001
Teom?25 Difference from Partisol Pm2.5
Teom Raw Data

15
<et for vantertime at 30 deg C All seasons ° = .94
10
I Teom2.5raw
— Average of differences from Partisol2.5
> ¢

54 pairs
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Lake Forest Park Oct 2000 - Mar 2001
Teom25 Difference from Partisol Pm2.5
Teom Annual Adjustment

Teom operating temperatures

2 _
set for wintertime at 30 deg C All seasons r”=.94

& Teom2.5 adj annual

Average of differences from Partisol2.5

54 pairs
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Lake Forest Park Oct 2000 - Mar 2001
Teom?25 Difference from Partisol Pm2.5

Teom Winter Adjustment

Average of differences from Partisol2.5

15
Teom operating temperatures _ 5
set for wintertime at 30 deg C Winter r~ = .93
10
P'S & Teom2.5 winter adj
5

54 pairs
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Lake Forest Park Apr - Sep 2000
Teom?2.5 Difference from Partisol Pm2.5
Teom Summer Adjusted

15
Teom operating temperatures . 2 _
set for summertime at 50 deg C Summertime r* =.93
10
| Teom2.5 summer adj
Average difference from Partisol2.5
5
July 5@
2 ** o 0% 0 0 ° . o 0’
E o A4 et o e ® e% g% 400 7%
S b 3 6 o®12 15 18 21 24 27 "B 336 36%430® 100%5 B 51® 54 57 o

58 pairs
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Marysville, Washington

 North of Everett in Snohomish County
e Located at Junior High School
« Wood Smoke site.

e N N ——

Clean Air Agency
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Marysville
Nov 1998 - Mar 2001

Teom Pm2.5 vs Partisol Pm2.5

y = 1.2877x - 2.9302

R2 = 0.8969 /

& Teom2.5vs Partisol2.5
——Linear (Teom2.5 vs Partisol2.5 )

262 pairs
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Partisol Pm2.5
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Marysville
Neph vs Partisol
Sep 1999 - Mar 2001

y = 24.252x + 1.2857 |
R2 = 0.9744 /
&

I Neph vs Partisol
——Linear (Neph vs Partisol )

164 pairs
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Marysville
Neph vs Partisol
Sep 1999 - Mar 2001

y = x - 0.0003
R?=0.9744

Neph vs Partisol

—Linear (Neph vs Partisol)

164 pairs
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Marysville
Oct 2000 - Mar 2001
Teom PM2.5 vs Partisol PM2.5

y = 1.3594x - 1.6642 ,

0 R2 = 0.947 /.

. . /

30

/
25 |
's * & Seriesl
ol . * ——Linear (Series1)

58 pairs
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Marysville Oct 2000 - Mar 2001
Teom?2.5 Difference from Partisol2.5
Teom Raw Data

15
Teom operating temperatures All seasons r2 = .90
set for wintertime at 30 deg C
10 ¢ Teom2.5 raw
Average of differences from Partisol2.5
L 2
5

58 pairs
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Marysville Oct 2000 - Mar 2001
Teom?25 Difference from Partisol Pm2.5
Teom Adjusted using Annual Correction

15
Teom operating temperatures 2 _
set for wintertime at 30 deg C All seasons r™=.90
10
| Teom2.5 annual adj
Average of differences from Partisol2.5
5 <

58 pairs
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Marysville Oct 2000 - Mar 2001
Teom?2.5 Difference from Partisol Pm2.5
(Teom Adjusted using Wintertime Correction)

Teom operating temperatures set . 2 _
for wintertime at 30 deg C Winter r-=.95 o Teom2.5 winter ad]
- Average of differences from Partisol2.5
*
¢
o ¢ o
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5
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Industrial Sites

e Located in the heart of the Seattle and Tacoma
Industrial areas.

Clean Air Agency




Seattle, Duwamish
Neph vs Partisol

i Oct 1998 - Feb 2001

y = 29.611x + 1.6885

*
R? =0.9278
I
50

40

30

¢ Neph vs Partisol

——Linear (Neph vs Partisol )

Partisol Pm2.5

796 pairs
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artisol Pm2.5
w
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Seattle, Duwamish
Neph vs Partisol
Oct 1998 - Feb 2001

y =X - 0.0005

2
R® =0.9278
L 4

796 pairs

+ Neph vs Partisol
—Linear (Neph vs Partisol)
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Tacoma Tideflats, Alexander Av
Neph vs Partisol

Dec 1998 - Feb 2001
60

50

y = 27.119x + 1.4225 :
R? = 0.9255 ! /
|
40 1 | n

I Neph vs Partisol

——Linear (Neph vs Partisol )

Partisol Pm2.5

752 pairs
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artisol PM2.5

60
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30

Tacoma Tideflats, Alexander Ave
Neph vs Partisol
Dec 1998 - Feb 2001

y = x - 0.0005
R?=0.9255

¢ Neph vs Partisol

—Linear (Neph vs Partisol)

752 pairs

CI n Air Agl:n}:




45

40

Duwamish Co-located FRM
Nov 1998 thru Mar 2001

y =0.9915x - 0.1393
R’ =0.9888

¢ Seriesl
—Linear (Seriesl)
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Partisol 2.5 A Sampler

50
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15

Tacoma Co-located FRM
Nov 1998 thru Mar 2001

¢ Seriesl
— Linear (Series1)

y = 0.9681x + 0.1345
R®=0.9927
/
/
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P,
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131 pairs




Puget Sound PM, 5 Network

Method Comparison
1999 Annual Averages

20

Annual NAAQS
15

OFRM

ONeph

O TEOM

Il Corrected
TEOM

CI n Air Agl:n}:




15

10

Puget Sound PM, 5 Network

Method Comparison
2000 Annual Averages

Annual NAAQS

12.77

12.77

13.23

12.55

12.39

12.33

12.27

11.27

12.7

OFRM

ONeph

Corrected
TEOM
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paily Air Quaity Index - Netscape mEE

Edit Wiew Go Communicator Help
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Back  Fomwerd Reload Iﬁ Seach Metscape  Prnt  Secuity  Shop Gt N Cu rrent AQI

m" Bookmarks \,_t{. Lu:u:ation:Ihttp:a'fwww.pscleanair.org#dailyam htm j @'What's Related
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e Puget Sound Clean Air Agency With Links
[Clean Air Agency] To

Daily Air Quality Index Updated at 25 minutes past every hour EPA/ECO I 0O gy

This 1z the Aw Quality Index representing current conditions for the areas hsted below. Clclk on the name of your
area to see an air quakty trend chart for the previous 3 days. You can also wview the latest air quality forecasts for
OUF TEEION.

Descriptor Pollutant

All Yalue

EVERETT/HARYSVILLE 182 v v
LYNNHOOD 112 v v
BELLEVUE 62 v v
SEATTLE 112 v v

KENT 95 v v
TACOHA 89 v v
PUYALLUP 87 v v
BREMERTON 66 v v
SILVERDALE 48 V, N/

1/28/2881 11AH PACIFIC

Check Marks u‘i indicate applicable &Gl descriptor and prevalent pollutart at each monitariteg area
De seriptors: B Good, TiModerate, |nheathy for Sensitive Groups, U=Unhesatthy, VB=Very Unheatthy, H=Hazardous
Pollutants: PW=Farticulate Hatter, € 0=Carbon Monoxide

== [Documert: Done Sl = R
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Why we do this.

e Public Information Products

Clean Air Agency




1 ashington State Air Quality Data - Netscape
File Edit Miew Go Communicator Help

<« 2 A @ 2 W o & B
fi Security Shop St
| @7 what's Related

Reload Home Search  Metscape it

Back Fafiand
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e Click on a meter to view a three-day history.
ﬁ This 15 unvalidated data!
A Latest readings for Particulate (FM2.5) 24hr
FCOLOGY
Farticulate {FH2,5) 24hr FParticulate (PH2,5)} 24hr Particulate {(PH2,5) 24hr Farticulate (PH2,5} 24hr
737 ugm3 4,642 ugm3 7008 ugm3 6.748 ug/m3
-1 A T 111 -1 O T 111 -1 O T T 1] L1/ R R 1]
Welcome ' . ' ' ' ' ' .
Daia By Area 0 150 [ 150 [ 150 [ 150
Spm PST 15302001 Spm PST - 1,/30/2001 Spm PST  1/30/2001 Sam ST 1/30/2001
Yancouver, Moose Lodge Bellevue Aguatics Center Kent. ake Forest Park
Data By Pollutant
Farticulate {PH2,5) 24hr FParticulate (PH2,5)} 24hr Particulate {(FH2,5) 24hr FParticulate (PH2,5} 24hr
10,455 ug/m3 5.078 ug/m3

8.893 ug/m3 9,188 ugm3

Site Status
IRt Bl oy bl dm S0y by m B0y b f g ton
Vigit a Site . . . . . . . .
i 150 i 150 i 150
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Air Quality P "
S S Spm ST 173072001 Sgm PST 173072001 Sgm ST 1/30/2001
North Bend cattle, Duwamish kitzap Co., Meadowdale Silverdale

Particulate {PH2,5) 24hr Particulate (PH2,5) 24hr Particulate {(PH2,5) 24hr FParticulate (PH2,5} 24hr
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L= T T

L= T L= R T
Som PST  1/30/2001 Spm PST 17302001

St F'ST 1/30/2001 Spm PET - 1/30/2001
Puyallup Tacoma, Alexander fve acoma, L Street Luntmwood, 212th St. Sl

gy b

4,058 ug/m3

Particulate {PH2,5) 24hr Particulate (PH2,5} 24hr Particulate {PH2,5) 24hr Particulate (PH2,5} 24hr
8.237 ug/m3

4,317 ug/m3 NAR

it Maire ecy wea govPublichtmlichart_seadus: html
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Harysville, Junior High

- Particulate C(PM10) Zdhr
[ — Particulate (PMZ.52 Z2dhr
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Real-time
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trends

e SR ——

C | n Air hgl:n}:




% ATRMew Where T Live - Reg 10 - Mebscape

Fl= Edt Yiew Go Communicsbor Help

T 4& & 3 &

Back  Frvoul Reoed  Hone

P |

LI T Tl

&+ & O B
Seculy  Ghep

i wl Bochmahe Hetsite: [Fitp: fivesen e gorercg binfaimi ool apDispl mpWHE REILIVERM ap Damaine tealfld

&k D The page eotrbaity Aar Cnasdiby lieke 1o Stats and Lo Webpamea, Ztate and Locad Aie Qruatity Forecaste fir Toduy and T ogwcdeoe
OF W o and ke to the AIRNow Coooe Magpe for Alarka, [dabo, Cvegnn, md Weshingtoo.

Stare/Local Air

Today's Foreeast

Tomorrow"s Fareeast

Czone maps nat

Today's Forecase Tommrrow's Farecast | Ozone Maps Cuality Links
g maps oot
Alaska awallable
Crmone maps nat
Ldaho avalable
Tocatelohubbuck
Treasire Walley
(Booize)

Cmone Maps

available

Washington

.:Brurn.crtvn-. Sﬂlrccrdalc-

Eainbridee Tzland

Wot Awedlable

Today's Forecass

o
[lakisr

Hot Availahle

Tomorrow's Farecast

ol |
Matl=c

. StateLocal Air
L 1a

LT Chiality Links
Crmone maps nat

avalable.

AcIvd

Ewerett- Maryaille-

FPadiculsi=

Fartarulabe

Acied

Lymrweood Watte e Matlar i

Seatle-Bellame-Kent o

o Parteulsta Featacudats "

Walley tilaties Husberate Md:be':' P rare . A@I

Tacetna-Fuyall | dickcideis Gz Patirulatr A@I
[Wlalisr Ilatlsr | A

EE Blomme | 4R Hoa | DACFS Elcane
Tty A epa gl o

CEArcl) | LT
dals vnaralable

& == I

] T e Raked
=l

Air Now
Forecast




l'l .l- ]
i '-'l.-l-!'-'l'l'l-h.-—'_

£FIRS TALERT

.ﬂlH‘ QUALITY TODAY

Snohomish

TV
Weather and

Kitsap Ki hg g 2 Air Quality

1Good:,

Pierce Mﬂde"a*e

_ Unhealﬂw
- S-E-HEI:H?’E E‘rrmeE
.'.?.. F.

Clean Air Agency




Conclusions:

Continuous monitors can perform very well
in the characterization of PM 2> for:

*AQIl Reporting

Short Term Events

s _ -_—

Clean Air Agency




Recommendations:

» Create new guidelines to support and expand the collection
of Fine Particulate with continuous monitors while refining

the FRM Network.

Clean Air Agency




Additional Data




Beacon Hill, Seattle Washington

e Residential Community in Central Seattle Urban Core

Clean Air Agency




Beacon Hill
Neph vs Partisol PM2.5

35
y =0.9921x - 0.0051
R®=0.9157
*
30
25
? 20
¢ Neph vs Partisol
— Linear (Neph vs Partisol)

450 pairs
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Beacon Hill
Nephelometer vs Partisol Pm2.5

35

y = 24.876x + 1.9493
R? = 0.9157

30

< I ¢ Neph vs Partisol
— Linear (Neph vs Partisol )

450 pairs

CI n Air Agl:n}:
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20

Lynnwood
Neph vs Partisol
Nov 1999 - Jan 2001

y = x - 8E-05
R%=0.9571

154 pairs

* Neph vs Partisol

—Linear (Neph vs Partisol)
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e Located in South Snohomish County

Clean Air Agency




dartisol Pm2.5

40
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20

Lynnwood
Neph vs Partisol
Oct 1999 - Feb 2001

y = 26.448x + 0.6209
R?=0.9571 ¢

154 pairs

¢ Neph vs Partisol
— Linear (Neph vs

Partisol )
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Lynnwood
Oct 1999 - Mar 2001
Teom Pm2.5 vs Partisol Pm2.5

40
y = 1.1696x - 2.0865
R? = 0.9405 I
35 S
*
&
30 !

168 pairs

¢ Teom2.5vs Partisol2.5
——Linear (Teom2.5 vs Partisol2.5 )
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South Tacoma,Washington

 Located on a community center in a residential area.

Clean Air Agency




Tacoma, South L Street
Nov 2000 - Mar 2001
Teom Pm2.5 vs Partisol Pm2.5

70

y =1.3017x - 1.2583
R? = 0.9683
60

. /
50

[ 3

¢ Teom2.5vs Partisol2.5
—Linear (Teom2.5 vs Partisol2.5 )

Partisol Pm2.!

126 pairs
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Puyallup, Washington

« Located in Pierce County.
* Residential
« Wood smoke Impacts

Clean Air Agency




Puyallup
Neph vs Partisol
Aug 2000 - Feb 2001

45
y =x-0.0003
R2=0.967
40
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* Neph vs Partisol

——Linear (Neph vs Partisol)
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tisol Pm2.5
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Puyallup, South Hill
Nov 1999 - Mar 2001

y = 1.2885x - 3.6651

R? = 0.9312 /
'S *
¢ .
|
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+ BetaAtten2.5 vs Partisol2.5
——Linear (BetaAtten2.5 vs Partisol2.5 )

196 pairs
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